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It is well known that catechins show both in vitro (Hara, 1 994) and in vivo (Igarashi et al., 1999) antioxidative activities, and also antimutagenic ( Kada et al., 1985; Yen & Chen, 1995) , antitumor (Yoshizawa et al., 1987; Susanne et al., 1996) , antibacterial (Toda et al., 199 1 ; ikigai et al. 1993) , hypocholesterolemic (Fukuyo et al., 1986) and anticomplement (Nakagami et al., 1995) activities. The physiological functions of catechins have therefore been the focal point of numerous researchers and people who drink green tea, which contains an ample amount of catechins. We previously compared the preventive effects of catechins against oxidative stress in vivo and demonstrated that such effect against paraquat-induced oxidative stress in rats was strongest in (-)-epigallocatechin gallate (EGCg), followed by (-)epicatechin gallate (ECg) or (-)-epigallocatechin (EGC), while the activity of (-)-epicatechin (EC) was very weak (Igarashi et al., 1999; Igarashi et a/., 1998) . These results suggested that gallic acid moiety in EGCg and ECg molecules was very important in relieving oxidative stress in vivo. However, it has not been determined whether the preventive effects of EGCg and ECg can be obtained by ingesting the mixtures of their components, such as EGC+gallic acid(GA) or EC+GA.
In this experiment, the preventive effects of EGCg. EGC, GA, and EGC+GA, and of ECg, EC, GA, and EC+GA against paraquat (PQ)-induced oxidative stress were compared in rats to determine whether galloyl moiety must be present or is not needed in the state esterified with EGC or EC molecules to produce stronger preventive activity of EGCg and ECg against such stress. In addition, PQ is known as a reagent to generate active oxygen species such as superoxide anion and hydrogen peroxide through redox cycling reaction in vivo (Bismuth et a/., 1 990) . pQ+EC, basal diet with both paraquat and EC; PQ+EC+GA, basal diet with paraquat. EC and GA. ~) AIN-93-VX and h)AIN-93G-MX (Reeves et a/., 1993) were obtained from Oriental Co., Tokyo, Japan. on a molar basis. Each catechin was added to the PQ diet in place of a mixture of oL-cornstarch and sucrose (2 : 1). Food and water were provided ad libitum for 1 1 days in experiment I and for 1 2 days in experiment 2.
Blood and liver Blood was collected by cardiac puncture from rats that had been anesthetized with Nembutal (Dainippon Pharmaceutical Co.. Osaka) after 10 h of starvation at the end of the feeding period. Lungs and liver were detached after blood collection and the organs were weighed. A 0.1 ml aliquot of blood was added to I .9 ml of physiological saline with gentle shaking, and the mixture was then centrifuged at 1000 Xg for 10 min to obtain the serum for measuring the concentration of serum TBARS (thiobarbituric acid reactive substances). A section of the right lobe of the liver was used to measure catalase activity and TBARS concentration. The serum used to measure the lipid was prepared by centrifuging the blood at I OOO X g for 15 min.
Preparation of mitochondrial fraction Subcellular fractionation was carried out according to the method of Del Boccio et al.
( 1 990). Five-tenth of a gram of the right lobe was homogenized in 2.5 ml of ice-cold 0.1 M phosphate buffer (pH 7.4) containing I mM EDTA in a homogenizer with a Teflon pestle, and the homogenate was then mixed with 2 volumes of 2.3% KCl, followed by centrifugation at 600 Xg for 3 min at 4'C to remove fibrous materials. The supernatant obtained was further centrifuged at 1400 Xg for 10 min at 4'C to remove cellular debris. An aliquot of the supernatant was subsequently sonicated at 30 W for 2 min at 4'C (4 times for 30 s) in a Bransonic model 1200 sonicator (Yamato Co., Tokyo). It was then centrifuged at 10,000
Xg for 30 min at 4'C to obtain the mitochondrial fraction as a precipitate, which was used to measure the catalase activity.
Measurement of enzyme activities Catalase activity was measured by the spectrophotometric method, following a decrease in absorbance at 240 nrn at 25'C, due to the decomposition of hydrogen peroxide (Tomita & Sano, 1983) . The definition of one unit of catalase activity is the amount of enzyme required to decompose I umol of H.02 in I min per mg of protein. Protein content was measured using the method of Lowry et al. (1951) .
Lipid analyses The serum triacylglycerol was measured enzymatically using a commercial kit, triglyceride E-test (Wako Pure Chemical Ind.). To measure the liver triacylglycerol content, liver lipids were extracted with a mixture of chloroform and methyl alcohol (2 : I , v/v) and purified by the method of Folch et al. (1957) . The arnount of triacylglycerol in the lipids, which was dissolved in isopropyl alcohol after evaporating the chlorofoam layer, was deterrnined using the same kit as used for the serum.
Statistical analyses The data for each of the 6 groups were statistically analyzed by Duncan's multiple range test (Duncan, 1957) after one-way analysis of variance (ANOVA) except for the food intake which was compared using Mann-Whitney test for its nonparametric data. Significant differences in the means were inspected at p>0.05.
Results and Discussion
The results of experiment I are shown in Table 2 . Food intake and body weight gain significantly decreased in the rats fed the PQ diet compared to those of the basal diet-fed rats (control rats), and the decrease was relieved by supplementing EGCg or EGC to the PQ diet. The magnitude of relief tended to be stronger in the EGCg-fed rats than in the EGC-fed rats, suggesting that galloyl moiety of EGCg plays an important role in creating a stronger preventive effect of EGCg as reported previously (Igarashi et al., 1998) . Supplemention of GA or EGC+GA to the PQ diet was also effective in lessening the decreases in food intake and body weight gain by PQ. GA and EGC + GA showed almost the same effects as did EGCg in mitigating these decreases. However, increases in lung weight (% of body weight), Iiver TBARS and atherogenic index, and decreases in catalase activity in liver mitochondrial fraction and in the liver uiacylglycerol concentration, which were all induced by PQ feeding, tended to be suppressed more strongly by the supplementation of EGCg than EGC + GA to the PQ diet. These results appear to indicate that EGC and GA moieties in the EGCg molecule should be present in the esterified form for demonstration of stronger preventive effects against PQ-induced oxidative stress. However, since the GA molecule itself had the effect of relieving this stress, the GA molecule may also be effective in preventing oxidative stress when GA is released from EGCg in the gastrointestinal tract and then absorbed. The effect of EGCg and ECg on lowering the rise N. ANDO et al. l) Total lipids were extracted with chloroform-methanol (2 : 1) by the method of Folch et al. (1957) .
2) (Total cholesterol-HDL-cholesterol)/HDL-cholesterol. Each result is expressed as the meaniSE of 5 or 6 rats per group. Values within the same row and not sharing a common superscript letter are significantly different at p<0.05. l) Total lipids were extracted with chloroform-methanol (2 : 1) by the method of Folch et al. (1957) .
2) (Total cholesterol-HDL-cholesterol)/ HDL-cholesterol.
in the atherogenic index in PQ-fed rats should be investigated in more detail using model animals with atherosclerosis, because some properties of lipoprotein differ between human and rat (Van'T Hooft & Van Tol, 1985) The reason the preventive effects of EGC + GA were almost equal to those of GA remained unexplained, because EGC also showed significant prevention on reductions in body weight gain, catalase activity and liver triacylglycerol concentration, and increases in lung weight and atherogenic index; it is believed that the effects of EGC+GA are the sum of the respective effects of EGC and GA.
Since it was demonstrated previously that the preventive effects of ECg against PQ-induced oxidative stress were considerably stronger than those of EC, which showed almost none (Igarashi et al. , 1999) , the effects of ECg, EC, GA and EC+GA against oxidative stress were also compared to learn whether the effect of ECg can be obtained by a mixture of EC and GA.
The preventive effects of ECg on decreases in body weight gain and catalase activity in the liver mitochondrial fraction, and on increase in lung weight, all of which were induced by PQ feeding, were significantly stronger than those of EC + GA, indicating that the effects of ECg cannot be obtained by the mixture of EC and GA. In contrast, the preventive effects of ECg on decreases in catalase activity and increases in lung weight (%) by PQ were significantly stronger than those of GA. These results seem to further suggest that the effects of ECg are not obtained when EC was mixed with GA, and that GA in the ECg may be more effective in preventing oxidative stress when it is present in the esterified state with EC rather than in free foam.
Although differences in the magnitude of interactions between PQ and EGCg, EGC, ECg, EC or GA in the gastrointestinal tract are believed to cause the differences in preventive effects among EGCg, EGC and EGC + GA, and among ECg, EC and EC + GA, these interactions in the gastrointestinal tract may be negligibly small, because PQ changes to its reactive radical form by redox cycling reaction to produce active oxygen species only when incorporated into cells (Bismuth et al., 1990) . Further, the amounts of PQ in the diets were almost unchanged for over 1 8 h, which corresponded to the daily feeding period. PQ amount was determined by HPLC using the supernatant of a mixture of diet and 2% sulfosalicylic acid. The HPLC was carried out according to the method of Kage et al. (1998) except that Develosil C30-UG5 (4.6x250 mm, Nomura Chemical Co., Nagoya) was used.
The recovery percentages of PQ from the diets were 92-95% .
The preventive effect of orally administered-ECCg in mice pretreated orally with PQ (Yonemitsu et al. , 1 999) may support that catechins can scavenge PQ radical or PQ -induced active oxygens after both catechins and PQ are absorbed. Therefore, it may also be necessary to compare the preventive effects among EGCg, EGC and EGC+GA, and among ECg, EC and EC+GA in previously PQ-fed rats.
The stronger preventive effects of EGCg compared with the mixture of EGC and GA, and of ECg compared with the mixture of EC and GA against oxidative stress might be due to easier incorporation into cells of EGCg and ECg in comparison with their components (EGC and GA, and EC and GA, respectively), and/or to stronger radical scavenging activity of EGCg and ECg in comparison with their components. Higher affinity of EGCg and ECg, compared with EGC and EC, for lipid bilayer (Hashimoto et al., 1999) may suggest that EGCg and ECg can be incorporated more easily from the gastrointestinal tract than EGC and EC, respectively. However, the precise mechanism by which EGCg and ECg are more effective in preventing oxidative stress than their components remains to be further examined.
Although the appearance of orally administered EGCg, ECg, EGC, and EC into portal blood (Okushio et al., 1996) , and recovery of orally administered EGCg from plasma, Iiver, and the brain (Nakagawa & Miyazawa, 1997; Nakagawa et al. , 1999) have been reported, differences in absorbability from the gastrointestinal tract between these catechins and their components, EGC, EC and GA have not yet been fully examined. It would be very interesting to examine the differences in absorbability among these compounds to identify the mechanism of the stronger preventive effects of EGCg and ECg compared to those effects when mixed with their components.
